Objective: In patients with a high risk of fistula immaturity, we created arteriovenous fistulas (AVFs) combined with brachial artery superficialization. With this procedure, the superficialized arteries are used as drawing routes and the AVFs as returning routes. This is a technical report about AVFs combined with brachial artery superficialization.
Presently, autologous arteriovenous fistula (AVF) is the general first-line recommendation for most hemodialysis patients. [1] [2] [3] [4] [5] Among different vascular access types, sufficiently mature fistulas have the lowest rate of thrombosis, require the fewest interventions, and have the lowest access maintenance costs. 6 However, fistulas have a high primary failure rate, ranging from 25% to 60% in recent reports. [7] [8] [9] [10] [11] Previous studies have shown significant decreases in the primary patency rate in recent years. 12 In Japan, the population of dialysis patients is aging year by year. 13 Globally, the number of elderly patients with fistula immaturity is increasing because age is a substantial risk factor. 14 In fact, catheter use is increasing in most countries, and creating and maintaining vascular access have become more problematic than they were some decades ago. 15 When the conditions of blood flow >500 mL/min, vein diameter of >0.4 cm, depth of <0.6 cm, and AVF length of >10 cm are achieved, the AVF can be regarded as having "matured." 1, 16 However, patients with a high risk of maturation failure do not always satisfy these criteria. In these patients, we simultaneously created AVFs and superficialized the brachial arteries because the brachial artery has adequate caliber for blood drawing. In these cases, the superficialized arteries are used as arterial routes and the AVFs as returning routes. Therefore, single cannulation of the AVF is the minimal requirement, and full AVF maturation is not always necessary. This procedure requires only an appropriate diameter >0.4 cm and adequate depth <0.6 cm at a single cannulation point. Here, we report our experiences of AVF combined with brachial artery superficialization in patients with a high risk for fistula immaturity.
METHODS
Study population. From September 2011 to August 2014, we performed 714 vascular access-related surgeries in our hospital. Before creating vascular accesses, we evaluate patients' vessels using duplex ultrasound. Preoperative examination was performed by the physicians who create vascular accesses by themselves using the 5-13 MHz linear transducer with the LOGIQ e system (GE Healthcare, Erlangen, Germany). If the artery and vein diameter at the site of the planned anastomosis was <2 mm or the straight segment for cannulation was <10 cm, we defined the situations as high risk for maturation failure. These anastomosis sites include both cephalic and basilic vessels. In patients with a high risk of immature fistula development (n ¼ 24), we created AVFs combined with brachial artery superficialization. The indications were as follows: (1) vein diameter <2 mm or artery diameter at the point of anastomosis <2 mm; and (2) vein cannulation site <10 cm long, which is too short for two cannulations. In 9 cases (38%), vessel diameter was insufficient for maturity, whereas in 15 cases (63%), the vein was too short for two cannulations. This study was conducted in accordance with the Declaration of Helsinki and approved by the Institutional Review Board of our institute. Informed consent was not required because only existing medical data were used.
Operative technique. The vascular access design was determined after ultrasound vessel examination. Initially, an arteriovenous anastomosis was created at an appropriate site. Subsequently, a 15-cm longitudinal incision was made at the medial aspect of the upper arm, under local anesthesia. A long incision and exposure was needed for repeated cannulation of the brachial artery. The brachial artery was identified and exposed from the antecubital fossa toward the axillary fossa. Side branches of the brachial artery were isolated and ligated carefully using 4-0 silk. Care was taken to avoid damage to the median nerve, which lies adjacent to the brachial artery. The brachial artery was mobilized to the ventral aspect of the upper arm, with attention paid to preservation of the upper arm basilic and cephalic vein. The subcutaneous tissue under the brachial artery was sutured. A skin flap was placed over the transposed brachial artery. Fig 2 shows the operative technique.
Definitions and statistical analyses. The creation of an AVF with brachial artery superficialization was defined as successful when it could be routinely cannulated and could deliver a prescribed blood flow for the total dialysis duration. Primary patency was defined as the interval from the time of producing an AVF with brachial artery superficialization until the first access thrombosis, any intervention, or the time of patency measurement. 17 Secondary patency was defined as the interval from the time of access placement until access abandonment. Secondary patency was not terminated by surgical or interventional procedures to maintain vascular access.
Primary and secondary patency rates were estimated using the Kaplan-Meier method. Patients were censored in the event of transplantation, death, or a final patency measurement.
RESULTS
Patients' characteristics are shown in Table I . One patient died of sepsis due to central venous catheter infection before the initial cannulation. All other patients A representative case of arteriovenous fistula (AVF) combined with brachial artery superficialization. A, We created the AVF and superficialized brachial artery simultaneously because preoperative vascular mapping showed that the radial artery was <2 mm and the straight segment for cannulation was <10 cm. B, The diameter of the superficialized brachial artery was 4.8 mm and the depth was 2.4 mm. The superficialized brachial artery has adequate caliber for blood drawing. Cannulation of the superficialized brachial artery is relatively easy. C, Postoperative view at 1 year shows mild aneurysmal changes of the superficialized brachial artery. The superficialized brachial artery is used as a drawing route, and the AVF is used as a return route. underwent successful two-needle cannulation with a prescribed blood flow. The first successful cannulation was achieved at a median of 17 days (range, 12-547 days) after AVF creation (Table II) . Two patients underwent cannulation >30 days after surgery (58 and 547 days) because their vascular accesses were created before initiation of hemodialysis treatment. Median postoperative followup duration was 524 days (range, 15-1394 days). Nine patients (38%) died during follow-up of unrelated causes. At 12 postoperative months, primary patency was 75% and secondary patency was 94% (Fig 3) .
Postoperative complications are shown in Table III . During the observation period, existing vascular accesses were abandoned in two cases. In one case, brachial artery thrombosis accompanied by AVF thrombosis developed in a female patient who had concomitant hypotension, hypoxemia, and high temperature because of aspiration pneumonia. However, she did not have symptoms of clinical ischemia; therefore, a thrombectomy was not conducted. She continued to undergo hemodialysis treatment with a central venous catheter. In the other case, AVF occlusion warranted the construction of a new AVF at the opposite site in a male patient.
During the follow-up period, endovascular treatments for AVF maintenance were required in eight cases. In seven patients, percutaneous angioplasty was performed pre-emptively. One patient underwent percutaneous angioplasty because of AVF thrombosis. Two patients developed local skin infections, which were cured by antibiotics without surgery. One patient had mild steal syndrome. There were no instances of brachial artery aneurysms requiring surgery.
DISCUSSION
Vessel diameter is a predictor of fistula maturation. 8, [18] [19] [20] In addition, primary failure risk is increased in patients who are older, obese, female, and diabetic. 21 However, despite the existence of numerous predictors, it is impossible to precisely predict AVF immaturity before AVF creation, and primary maturation failure is a major issue. Currently, preoperative vascular mapping is widely recommended as a good method to promote AVF creation. However, whereas vascular mapping increases AVF placement, it does not decrease AVF nonmaturation rate. 22, 23 In immature AVF cases, prescribed blood flow is not Operative techniques of arteriovenous fistula (AVF) with brachial artery superficialization. A, In patients with a high risk of maturation failure, radial-cephalic AVF and superficialization of the brachial artery were performed. B, The forearm cephalic vein and the radial artery were exposed. C, The radial artery and the forearm cephalic vein were anastomosed. D, The brachial artery was exposed and the subcutaneous tissue under the brachial artery was sutured. Then, superficialization was achieved. A skin flap was placed over the superficialized brachial artery. E, The arrows show cannulation sites. Journal of Vascular Surgery attained, even when vessel cannulation is adequate. Patients with immature AVFs must undergo hemodialysis using a central vein catheter, which is associated with increased infection and hospitalization rates. In Japan, brachial artery superficialization is performed as an alternative vascular access for patients in whom a normal AVF or arteriovenous graft cannot be created, such as those with severe ischemic steal syndrome, concomitant heart failure, or venous hypertension with central vein occlusion since long ago. 24 It is now used in 2% to 3% of hemodialysis patients in Japan. 5 Superficialized brachial artery is used for blood drawing and normal vein is used for blood return. We use the guiding metallic needle encased in a polypropylene catheter with multiple side holes for hemodialysis patients. Therefore, only soft outer catheter is inserted in the vessel during hemodialysis treatment. It might be less traumatic to the vessel wall. The superficialized brachial artery is not used for the return route but only for the blood drawing route. Therefore, high pressure is not a problem. Cannulation techniques for brachial artery are the same as for AVFs. However, appropriate hemostasis to the brachial artery with needle removal after dialysis is important. At first, we press the brachial artery firmly for 5 to 10 minutes and then reduce the pressure gradually for another 10 minutes. From our experience, prolonged bleeding after needle withdrawal rarely becomes troublesome. Frequent cannulation and hemostasis may thicken the wall of the superficialized brachial artery. Brachial artery superficialization alone is useful when the vein can be cannulated easily for blood return. However, cannulation into a normal vein using a 16-or 17-gauge needle is often difficult. Therefore, one of the major reported complications of brachial artery superficialization was the lack of a vein for the return route.
5,24
When simultaneous AVF with brachial artery superficialization is used, it is not necessary to wait for AVF maturation to insert a catheter. Furthermore, frequent angioplasties or accessory vein ligations would no longer be required for adequate AVF maturation. In this study, with the exception of one patient who died before cannulation, successful two-needle cannulation was achieved in all patients in a relatively short period. Despite relatively high invasiveness, this technique was proven to be safe and effective in elderly patients who might benefit from it.
Brachial artery superficialization secondary to a diagnosis of fistula immaturation is an option, but in such cases, patients may be required to undergo hemodialysis We emphasize the advantage of simultaneous AVF creation. In comparison with brachial artery superficialization alone, with the combined technique, because the AVF and brachial artery superficialization are created simultaneously, the vein will enlarge gradually, facilitating easier cannulation.
However, when the AVF thrill becomes very weak, a percutaneous transluminal angioplasty must be performed to prevent AVF thrombosis. When AVF thrombosis develops, surgical thrombectomy or endovascular treatment is required. However, angioplasty to promote AVF maturation is unnecessary. As this study shows, the primary patency at 12 months was good (74%) despite high-risk cases for maturation failure. A systematic review indicated that primary failures were observed when the 12-month primary patency rate was 60%. 12 Cannulation of the brachial artery may cause thrombosis or aneurysmal change. Commonly, small aneurysmal changes are observed over time, whereas serious complications, such as ischemia of upper distal extremities, are less frequent. Twenty-four cases of brachial artery superficialization were reported by Nakamura et al. 24 One infected pseudoaneurysm rupture and one occlusion of superficialized brachial artery occurred as serious complications during an observation period, although no clinical symptoms of hand ischemia developed. In this study, brachial artery thrombosis occurred in a single case. However, there was no symptom of clinical ischemia. Schanzer et al published a series of 21 brachial artery ligations near the elbow due to prosthetic arteriovenous graft infection. 25 In that study, no evidence of ischemia was seen in 21 patients treated with brachial artery ligation. In the discussion of this report, the possibility of development of compensatory collateral circulation with a functioning arteriovenous graft was mentioned. When we superficialize the brachial artery, side branches are ligated. Therefore, adaptive increase in collateral circulation may occur, resulting in better tolerance of brachial artery thrombosis or ligation. In fact, brachial artery superficialization is recommended for hand ischemia patients in the Japanese Society for Dialysis Therapy guidelines. Even though this procedure is performed for high risk of hand ischemia, steal syndrome rarely becomes worse after surgery. However, with a severe complication of brachial artery superficialization, such as pseudoaneurysm, infection, and thrombosis, treatment is more difficult than in simple AVF cases. In these cases, we will have to perform reconstruction of the brachial artery. Furthermore, new creation of ipsilateral arteriovenous access is limited. This is a disadvantage of brachial artery superficialization. This study had several limitations. First, it was a small, retrospective study conducted over a short duration (3 years) in a single institution. This limits generalization to the general population, and the possible long-term complications remain to be determined. Second, a major limitation of the method itself is that the indication is limited. If the vessel is <1.5 mm in diameter, the procedure cannot be performed because of the high thrombosis risk.
CONCLUSIONS
AVF with brachial artery superficialization had a high success rate and was available for use soon after creation. The primary and secondary patency rates were relatively high, despite the technique's being performed in patients with a high risk for AVF maturation failure. The technique was safe and effective in patients with a high risk for AVF immaturity, including elderly patients.
